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STATIC AND DYNAMIC STABILITY TESTS OF A PROPOSED
VERSION OF THE GIMLET ROCKET

Prepared by:

~ I. Shantz
\/ F. J. DeMeritte

£
ABSTRACT: Presented in th report are the static stability
and pitch damping results obtained in an investigation of
& proposed version cf the Gimlet Rocket. This investi-
gation was performed at subsonic and supersonic speeds in
the Aeroballistics Tunnel No. 1.
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This is a report on an investigation to determine the static
and dynamic stability of a proposed version or the Gimlet
Rocket. The investigatior was performed at the request of
the Naval Ordnance Test Station (reference (a)) under task
number 103-666/64016/03040.

MELL A PETERSON
Captain, USN
Commander

R. KENNETE LOBB
By direction
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STATIC AND DYNAMIC STABILITY TESTS OF A PROPOSED
VERSION OF THE GIELET ROCKET

INTRODUC7TION

1. The Gimlet Rocket is a two-inch diameter rocket fired
froa an airplane. The rocket is being developed by the
Naval Ordnance Test Station for the Bureau of Ordnance.

2., The rocket is stored aboard the airplane in % tube.
The four fins are folded aft of the rocket, upon launching
the fins open and lock intc place.

Symbols

A modei reference cross-sectionsal area
c.g. center of gravity (see Figure 3)
CA axial force coefficient (FA/qA)
CN normal force coefficient (FN/qA)
CO pitching moment coefficient referred to base

of nodel (Io/qu)
CIq + CI& aerodynamic damping coefficient
d mode! referernce diameter: (0.75 in.) static

model and (0.437 in.) damping mcdel
P, axial force (1lbs)
Ty normal force (1lbs)
) transverse moment szinortia abcut the center

of gravity (slugs-ft“)
Ky ballistic damping coefficient (;;31 - 1/16(CHq + Cl;))
£ model length
M Mach number
Mg pPitching moment referred to base of model (.n.-1lbs)
q dynamic pressur( (psia)
Re Reynoldz iuvaber based on model length
t _ time (scconds)

5 v velocity (ft/sec,
";
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a angle of attack in pitch plane (degrees)

[ angle of roll (degrees)

p air density (slugs/cu.ft.)

u damping coefficient (-2I(.n a/ao)/.t)
Nomenclature

B Body alone

Br Body fin

Models and Falances

3. The models were designed and manufactured at the Naval
Ordnance Test Station. The static model was used with an
NOL desigred and manufactured internal strain-gage balance.
The damping model was dynamically balanced about the full-
scale center of gravity. The location of the center of
gravity of the rocket is different for the "loaded"” and the
"burned out" condition. Damping models simulating each

of the conditions were built., The dimping model was too
small for ball bearings so the shaft through the center of
gravity slid on a teflon insert in the body. The model was
free to rotate in the pitch plan about the center of gravity.

4. The damping data are obtained by having the model mounted
in the wind tumnnel, rotating the model slowly, and starting
the wind tunnel., The resulting damping motion is photo-

graphed using a 16 mm movie camera,

5, PFigure 1 is a photograph of the static model with fins,
wkile Figure 2 is a photograph of the static model without
fins, Figure 3 is a sketch of the Gimlet model showing
partinent dimensions,.

Data and Data Reduction
6. The static stability data are presented in Figures 4
through 10. The dat2 are plotted as CN versus a and CO versus

a for Mach numbers of 0.78, 0.94, 2.15, 2.48 and 3. 22,
Axial force data were obtained at Mach number 2.15 and are
plotted as C, versus a. Pitching moment coefficients are
referred to th baseé of the model.
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7. The damping data are plotted as CI - C.. versus M in
a

Figure 11 for Mach numbers 0.93, 1.56, 1.75, 2.15, 2.48,

2.87 and 3.24. The damping data were determined for the

centw:” of gravity at loaded and burred out conditions of

the s ocket.

8. The techniques for the reducing of the dampirg data are
described in reference (b). Briefly, the data reduction
consists of two phases, reading the filam and fitting a
logarithmic envelope to the data obtained from the film.
From the film the angle of atisck of the model is obtained
for each frame of film using a comparator. The time record
is obtained from the cameru speed (64 frames per second).
The angular deflection plot’sd against time yields a demped
sine motion. Thée envelope of the motion is reired. 1In
true harmonic damping, this envelope would be of the form

a - aoe"Pt/ZI.
9. Th st-tic data are recorded with the ADAPS (reference (c))
and the data are reduced using an IBM 650 machine. The
strain-gage techniques are explained in reference (d) and

the data reduction equations are l.isted in reference (e).
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TABLE 1

Test Section Conditions for Static Test

Figure No.
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e
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Configuration #
(degrees)

BF 0
B
BF 0
B
BF 0
BF 45
B
BF 0
B
BF v
B

B = body alone (£ = 16.667 in.)

BF - finned body (£~ 16.657 in.)
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TABLE 11
Test Section Conditions for Damping Test
e & Re x 1076
(psia)
0.93 4.73 3.7
1,56 6.1 3.
1.78 5.8 3.5
2,18 4.76 2.9
2.48 3.78 2.6
2.92 2.70 2.1
3.24 2.03 1.8

Body length 9.716 in.
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FIG. | STATIC MODEL
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FIG.2 STATIC MODEL
BODY ALONE
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